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Abstract 
Fischer-Tropsch synthesis (FTS), as an important technology for producing liquid fuels and chemicals from syngas 
derived from coal, natural gas, and biomass materials, is receiving a renewed interest for both industrial and academic 
applications. Transformation and adsorption behaviors of iron species during reduction and carburization over a 
precipitated Fe-based FTS catalyst were investigated systemically. The results indicated that phase transformation of 
iron species during reduction is following as α-Fe2O3 → Fe3O4 → FeO → α-Fe, whereas the transformation trend of 
iron phases during carburization follows as α-Fe2O3 →Fe3O4 → iron carbides. Carburization ability of reduced iron 
species is following the order α-Fe > FeO > Fe3O4. The conversion of FeO and α-Fe to iron carbides provides the 
active sites for FTS.* 
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1. Introduction  
Fischer-Tropsch synthesis (FTS), as an important technology for producing liquid fuels and chemicals 
from syngas derived from coal, natural gas, and biomass materials, is receiving a renewed interest for 
both industrial and academic applications [1]. Compared to other FTS catalysts (including Co, Ni and Ru), 
the iron-based catalyst undergoes the most complicated phase changes during pretreatment and FTS [2], 
which brings the difficulty for understanding the reduction and carburization mechanism of iron phases.  
Generally, the fresh iron catalyst is comprised of α-Fe2O3, which may be reduced to Fe3O4 or FeO, 
and then to α-Fe under H2 atmosphere. These reduced iron species could be converted to different types 
of iron carbides (such as ε-Fe2C, ε‘-Fe2.2C, χ-Fe5C2 and θ-Fe3C) under CO and syngas atmosphere. In 
addition, iron carbides take place inter-conversion or are further oxidized to iron oxides with the change 
of temperature, pressure, space velocity and time [3]. Due to complex changes of these iron phases, 
transformation behavior of iron phases during reduction and carburization is not still understood clearly. 
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The aim of this work is to investigate transformation and adsorption behaviors of iron species during 
reduction and carburization over a precipitated Fe-based FTS catalyst. 
2. Experimental  
A precipitated iron-based catalyst used in the present study was prepared by a combination of co-
precipitation and spray drying method. The in-situ Mössbauer spectra (MES) of catalysts were recorded at 
room temperature with a MR 351 constant-acceleration Mössbauer spectrometer (FAST, German). The 
in-situ XPS spectra were taken by a VG MiltiLab 2000 system with Al Kα (1486.6 eV) as the X-ray 
source. TPD experiments were performed on an Autochem 2920 characterization system equipped with a 
thermal conductivity detector (TCD), using Ar (H2-TPD) or He (CO-TPD) as the carrier gas. The diffuse 
reflectance FTIR spectra were collected using an infrared spectrometer (Equinox 55, Bruker, Germany). 
3. Results and Discussion 
3.1 Reduction behavior 
Reduction behaviors of bulky and surface iron species are shown in Fig. 1 and 2, respectively. From 
Fig.1 it can be seen that the fresh iron catalyst is comprised of α-Fe2O3, which is firstly reduced to Fe3O4 
under H2 atmosphere. With increasing reduction temperature the Fe3O4 formed is reduced continually to 
FeO, and then reduced to α-Fe in the bulk regions. The formation of metastable FeO may be attributed to 
the interaction of metal-support, remaining the relative stabilization of FeO formed. Iron phases on the 
surface layers undergo also a similar transformation trend with that in the bulk regions (shown in Fig. 2), 
suggesting that transformation trend of iron species during reduction follows as α-Fe2O3 → Fe3O4 → FeO 
→ α-Fe. 
-10 -5 0 5 10
0.8
0.9
1.0
0.9
1.0
0.90
0.95
1.00
0.90
0.95
1.00
 fresh
 
H2-260 ć
H2-280 ć
Tr
an
sm
is
si
on
Velocity(mm/s,relative to α -Fe)
 
H2-300 ć
 
 
730 725 720 715 710 705 700
Fresh
H2-300 ć
H2-280 ć
H2-260 ć
Binding energy (eV)
In
te
n
si
ty
 (a
.
u
.
)
 
 
 
Fig. 1 Mössbauer spectra of bulky reduced iron phases.    Fig. 2 XPS spectra of surface reduced iron phases. 
3.2 Carburization behavior 
Phase transformation of iron species at CO atmosphere is shown in Fig. 3. After carburization of 1 h 
there is the formation of 14.7 % Fe3O4, 16.4 % (spm)Fe3+ and 68.9% (spm) Fe2+, indicating that the α-
Fe2O3 is converted firstly to Fe3O4 during carburization. With the proceeding of carburization the Fe3O4 
formed is carburized gradually to iron carbides. A similar trend is observed for phase transformation on 
the surface layers (not shown). All of these results suggest that phase transformation in both the bulk and 
surface regions during carburization follows as α-Fe2O3 → Fe3O4 → iron carbides. In addition, phase 
structures such as FeO and/or α-Fe are not observed during carburization, implying that the Fe3O4 formed 
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may be converted directly to iron carbides without the further formation of FeO and α-Fe. On the other 
hand, the rapid carburization of FeO and/or α-Fe results in probably no detection of FeO and α-Fe. 
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Fig. 3 Mössbauer spectra of bulky iron phases during carburization 
In order to reveal carburization ability of different iron phases, CO-TPD of reduced iron species is 
shown in Fig. 4. There exist the desorption peaks of CO on the surface of Fe3O4, FeO and iron carbides. 
However, no desorption peak of CO is observed on α-Fe with increasing amount of metallic iron, 
implying that carburization ability of α-Fe is the strongest. Additionally, with gradual conversion of 
Fe3O4 to FeO, the peak intensity of adsorbed CO on FeO is lower than that on Fe3O4, accompanied 
synchronously with the increase of iron carbides content, indicating that carburization ability of FeO is 
stronger than that of Fe3O4. Therefore, carburization ability of reduced iron species during carburization 
is following the order α-Fe > FeO > Fe3O4. 
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Fig. 4 CO-TPD of reduced iron phases 
3.3 Adsorption behavior  
DRIFT spectra of CO adsorption on reduced iron phases are shown in Fig. 5. As the catalyst is 
reduced at H2 and 260 oC for 12 h (shown in Fig. 5a), several bands at 2170, 2122, 1686, 1645, 1357 and 
1298 cm-1 appear on the catalyst after CO adsorption. The bands at 2170 and 2122 cm-1 can be assigned to 
the vibrations of R- and P- branches of gaseous CO on the sample. The bands appeared in the region of 
1700-1100 cm-1 corresponding to carbonate species formed on the iron oxides. The bands appear as 
doubles at 1686, 1645 cm-1 and 1357, 1298 cm-1, indicating that the surface iron species exist in two 
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valence states (Fe3+ and Fe2+ oxide species). This is consistent with the above results of MES and XPS. 
There are the formation of Fe3O4 and FeO at H2 and 260 oC for 12 h.   
 As Fe3O4 and FeO are reduced gradually to α-Fe, the peak intensity of CHx species increases, while no 
peak of CO adsorption appears on Fe (o) sites (shown in Fig. 5b), indicating that the conversion of α-Fe 
to iron carbides increases the active sites for FTS. In addition, a similar trend is observed for the peak of 
CO adsorption on Fe(Ċ) sites with time on stream, implying that FeO formed may be carburized 
gradually to iron carbides during reaction. 
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Fig. 5 Infrared spectra of CO adsorption on the catalyst: (a) after reduction at H2 and 260 oC for 12 h; (b)  
After reduction at H2 and 300 oC for 12 h.       
4.  Conclusions 
Phase transformation of iron species during reduction is following as α-Fe2O3 → Fe3O4 → FeO → α-
Fe, whereas the transformation trend of iron phases during carburization follows as α-Fe2O3 → Fe3O4 → 
iron carbides. Carburization ability of reduced iron species is following the order α-Fe > FeO > Fe3O4. 
The conversion of FeO and α-Fe to iron carbides provides active sites for FTS. 
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